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MONITORING STRIP MINING AND RECLAMATION WITH LANDSAT 
DATA IN BELMONT COUNTY, OHIO 

■ CJWU:'<IS JAIL 13 

Executive S umma ry OF pool! QUALITY 

The Belmont County, Ohio, Strip Mine Monitoring Project was one 
of three cooperative demonstration projects developed after a 
Landsat familiarization workshop in Columbus, Ohio on June 6, 
1979. The project was done by the Ohio Department of Natural 
Resources (ODNR), Division of Water/Remote Sensing Unit, in close 
collaboration with the National Aeronautics and Space Adminis- 
tration's Eastern Regional Remote Sensing Applications Center 
(ERRSAC). The object of the project was to show the potential of 
operational Landsat technology for mapping and monitoring change 
in surface mines over a three-year period of time for Belmont 
County in eastern Ohio. After definition of project objectives, 
several members on ODNR's Remote Sensing Unit attended ERRSAC's 
one-week training course in December 1979 to learn about applica- 
tions of satellite remote sensing and processing of Landsat 
digital data with the Office of Remote Sensing for Earth 
Resources (ORSER) software package. 

Two Landsat mul t i spectral scanner (MSS) data sets acquired in 
1976 and 1979 were the prime data sources for the project. Most 
preprocessing functions, such as subsetting the County study 
area from both MSS scenes, registering the data sets to the 
Universal Transverse Mercator coordinate system, and digitizing 
the County boundary, were performed by ERRSAC using the Interac- 
tive Digital Image Manipulation System (IDIMS) software implemen- 
ted on a Hewlett-Packard HP-3000 computer. A transfer tape 
containing each data set was prepared and sent to Pennsylvania 
State University for classification (processing) via remote 
terminal by ODNR personnel. 

During processing, the ORSER software package was used to produce 
grayscale line-printer maps showing spectral uniformity and 
brightness within the data sets. These maps subsequently were 
used to select training sites representing all land cover 
categories of interest to the state analyst. 

Prom training site statistics developed at ODNR, supervised 
classifications of the County were generated for both data sets 
on the IDIMS at ERRSAC. These classifications were refined by 
the ODNR analyst until they were satisfactory. The digitized 
Belmont County boundary was then overlaid on the classified 
images, final products were prepared, and acreage statistics were 
extracted for each category in both data sets. 

Accuracy was assessed by use of thematic plotter maps of the 
classifications superimposed on several U.S. Geological Survey 
7.9 minute topographic quadrangle maps. These were then compared 
with aerial photographs acquired the same years as the Landsat 
data set. The overall classification accuracy of both final 
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images (1978 and 1979) Is about 88 percent. A color-keyed change 
detection image was also produced to graphically illustrate the 
extent of reclaimed strip mined areas and new surface mines. 

The ODNR Remote Sensing Unit, in collaboration with the Ohio 
Division of Reclamation, has concluded that Landsat data are 
valuable and economical in terms of cost and time for delineating 
and monitoring strip mines and other land covers on a regional 
scale. The classified data provide both maps and statistical 
estimates of areal extent for all land use categories. Thus the 
ODNR recommends that Landsat technology be used to monitor strip 
mining and reclamation over the entire coal mining region of Ohio 
on a regular, operational basis. 

I. Introduction 


On June 6, 1979, a remote sensing workshop was held in Columbus, 
Ohio. Among the participants were the Eastern Regional Remote 
Sensing Applications Center (ERRSAC), the Ohio Department of 
Natural Resources (ODNR), and the Ohio Environmental Protection 
Agency. The purposes of the workshop were to demonstrate the 
applications of satellite data, to identify potential State users 
of Landsat data, and to initiate cooperative demonstration 
projects that would determine whether Landsat data could be used 
as a resource management tool in continuing State programs. 

As a result of this workshop, three cooperative demonstration 
projects were developed. These were: 

o Surface-mine monitoring in Belmont County 

o Land-cover mapping and change detection in Clark County 

o Wildfowl habitat assessment in Pickaway County 

This report addresses the first of the three projects. 

Belmont County was chosen for the surface mine mapping project 
conducted by ERRSAC and the Remote Sensing Unit, Division of 
Water, ODNR. The Division of Reclamation collaborated by 
supplying technical information about strip mining practices and 
definition of State monitoring requirements. 

1 1 . Project Description 

A. Background 

Unreclaimed strip mined areas in Ohio are subject to 
excessive erosion that causes downstream sedimentation, 
landsliding and other mass movement. This results in loss 
of otherwise useful land as well as water quality problems. 
A major goal of Ohio's surface mine reclamation program, in 
addition to monitoring current strip mining and reclamation 
practices, is correction of the most severe mine-related 
problems in eastern Ohio's coal mining region. in this 
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*ot?v? t ^!l n « l 1 * n<J covers in areas surrounding mine 
act i vi ties are surveyed to establish guidelines for planning 
appropriate restoration strategies. punning 


The objectives of this project were: 

o To produce Level I (Anderson et al., 1976) land co/er 

CoSntJ° r i l97 !L??? 1979 Landsat images over Belmont 
. ^ y • ^ addition, tho barren land category was to 

m 7 Ub< s D , ic??.L"^ *»•»•*•» ' v c... g o, , i.7 0 . r /s:s. , .5 

y-JV ( ‘l ?•* "• u .»°.d ba , !ii a ,? 

rUuir.J l ^.%^Vdr i .rUi.* n<i <3) i " a0tive """"‘y 

distribution of land cover changes occurr ing over the 
IV'lZZu"*'" ,,er,0d W,,h r "»«‘ *• »»MP -| , .’U and 

0 ««&%* uVUlltUl* w,,h acraa ‘* eottn,a of au 


I haa l#n ® & ,®®'' ° hio '» leading produoer of 

t h5^ * 4 , . . J?i t “ mlno “ 3 «°,®‘ <*«« “SOS, 1963). Figure I .how. 
hat its total production is nearly equal to that of 

0hio counties combined. The Coun- 
ty s strategic location on the Ohio River in the industrial 

make* t°hi f" Basin (Fi * upes 2 and 3) has helped 

regional ecSJomUs. Very important t0 State and 

surveys* was* a” at the time of th « -rliest 
Muoh af ?Ji! , d , fope8t of oak, sugar, maple, and beech. 
"J®, thls original ground cover has been removed bv 

?V ict i vi t? U d thi n co5‘n* AgficuUure is currently the prima- 
raviBu.i /ri ° untF , in t * rm * of P epsons employed, but 

agriculture. g and manufacturing exceed those from 

Much strip mining in Belmont County was done orior to to.. 

7o«.Tn la , ra h a .V on laws rr >•«» »‘M«*«t tS« p Jo.. p« *u 
„mJ .tr.oo.oe V:. i lar *‘ p * r * of th ® ® f ®» ef footed bj 

proe^.s.^^‘ pp b^. h v,, 0 „rHo:„, r •^:?r!; ed ,«^^^7, 

unreclaimed by modern standards. essentially 
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FIGURE 1 . Coal Production In Ohio by County 



FIGURE 2* Location Map for Balmont County 













D. Data Sources 

The following data sources were usedt 
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r l ul 1 1 8p * otPftl *canner (MSS) data 
1»70 and September 1970. 

Black-and-white 1 -30, 000-scale aerial 
April and October 1976. 

Mty Cl X97 l 9^" Wh * *«‘al photogr.pl,. 

??i?hli!lj r * P, ?, 1 ' 120 .> l,00 * ,,,>1 ® »«*.! photograph of 
LS»i h Mt St /i P ° r J on of ,h ® Coun, y from 1979. 

<55* ^mo.V^Vug UnT) . “ ' 1,12 °' 000 *°“® 1222 

gl 5 . SiS! *?o?i„ G .*? ‘ 8 0 f lr»i 1 3 c U ou V „7 y . ,opogr ‘ ph ‘ ° 


f rom Apr 1 1 
photographs from 
from 
the 


III. Methodolog y 

The scenes were chosen on the basis of two criteria pi... 

possible. This w«« ‘ . , \ ne aales of the scenes as 

.tripping and Veclama, ion ^ay Vh\nge .‘vT^fy"*. tt'LnW 

A. I DIMS Preprocessing 

swrVhV .-.v-V".:;: 

SSS*» .V^SKE' 

a»ing progr.ms? #P To° VranVf Vrm Ue'daw 

oHh. s.'; 0 , r '® 0 , tl ? n . formuUs for known Lands.? distort?™? 

7o^rr y r ;VoV.VuV.'. 

shssse 

subseouen 1 1 v tii itim t _ rm r ..... ^ vompuier I l rm, and 

Digital analysis of thi^oSa another commercial facility. 

!' I v ‘ - *• ‘ - 

.«« D r?d , d"., c .°‘,» n ?, h d io o„ ^&v£F 
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B. OR9ER Processing OF POOR quality 

Th« data were classified with a minimum-distance classifier 
in whioh each category is described by its speotral mean and 
distribution of samples. The probability that an observation 
(pixel) belongs to a given category decreases with the 
Euolldean distance (ED) from the mean. 

The first step in processing was to generate a brightness 
map of Belmont County. The map was generated to assist ODNR 
in geographically locating intensive study areas (ISAs) to 
be analyzed in detail within the County. Specific areas 
were identified by visually correlating blocks of Landsat 
data, grouped according to brightness, with features identi- 
fied on the aerial photographs. The ISAs were then extrac- 
ted from the ORSER file containing the County data and saved 
as separate image files. This process eliminated the need 
to refer frequently to the entire original data set. The 
area surrounding Piedmont Lake, the largest and most complex 
ISA, was particularly suited for obtaining strip mine signa- 
tures because it contained mines in all phases of develop- 
ment and reclamation. Uniformity maps of the ISAs were 
generated to highlight the spatial patterns of spectral 
homogeneity and contrast. From the homogeneity maps, 
training sites were selected for each land cover category. 

The training sites for the supervised classification were 
selected without difficulty for the water, forest, and agri- 
cultural categories; each site selected covered more than 40 
acres. Rangeland was more difficult to identify because it 
occurred in areas of 20 acres or less. Standard deviations 
for these categories were generally less than two sigmas. 

The remaining category classified was barren land. This 
category was subdivided into the three strip mine categories 
mentioned under Objectives . It was the selection of trai- 
ning sites for tKese 'caTegor i es that required the bulk of 
the analyst's time. The easiest selection method found was 
to first classify and map all categories but barren catego- 
ries, and then to look for uniform unclassified areas. 
These areas averaged only five to 15 acres. Obtaining the 
larger areas necessary for developing valid signatures requ- 
ired that many of the small training sites which had similar 
signatures be combined and analyzed to determine whether 
they were statistically similar. Even in "building" train- 
ing sites in this manner, several combined sites had 
standard deviations between two and three signas. 

Since urban categories are generally difficult to identify 
and were of little interest in this project, a decision was 
made to digitize and remove the major urban areas during 
classification. These generalized urban areas were then 
overlaid onto the final classifications. 
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Of- pnnu qi!/\liiy 

During the olaiilf loitlon process, ODNR routimiu . 

p^osrs?::? 

m.nt frnm „, P ,' ,*, ni ,*V 1 “ 1 P»°“>f»Plu. Sigr.aturo davalop- 

°* u * <lr ‘«* »’•« and.d whin 

r. ly n .v ‘r a .r« 6, ,L« , '?s. ro o v r..^! 

information V° * ** — *fl!S .upptrVhlg 

jirai7r,vu'j,;,UTa i K 

eH'-.o*. ,°' ‘T*,** *••»••}«» »«« • 1 1 on.* i™, hi r i u{ ?Ju- 
c«i tool used to dotermine spectral similaritv was the 

thi t EucVidVan S d^t tttl0 ^i ? ( i^! ) moasure * DOS tabled measure 
»« -i^° « daan diatanee (ED) between categories and were used 

reJu ndant signature.. AftSr a ba.io 0 *^, 1 ??? 
th« «1 b ** n ael,iev * <i . the ED. associated with many of 

if* * war. adjusted In an effort toootlmiz. 
discrimination among categories. optimize 

flll't.iltu ED 1( [ lne * tunin 8* the revised signature catalog 
e?tiwA» n i JL* 30 Ipectral classes developed for eight 
Vt atf.tic.l ??? "V. f ? ERRSAC and entered into an !d?MS 

I.: i!iU5 1 in , i;p.„5!:*B. aa,e * ory ,, ® n *‘“ r " *« 

t^two^Vlas^meSJi the cI aa? 1 f 1 eat ions and differencing of 
tne two classifications were conducted with the IDIMS Thi 

cassif cation was fine-tuned on IDIMS because the interae- 
tive color display allowed quick and easy variation of class 

?ricf nm .n n i:;. °? 1 K 0r clasa ‘ncation maps of the Lake di,” 
and sent* ttoDtra! "KW V.'/e R\ U 1^11X1^ 

oorraot , ed -.Y.fflSK'i.tSff? | Kts; 

aps of the area for use in the accuracy assessment. 

C. Accuracy Assessment 

' f*“." vsv*. 7u.“sr..i: t;* 

wa. eorr.ot, within an arror margin of " 5 %. * a' , fl»«<J at 

number of cells to be randomly selected. ermine the 


S 


c f»' 


WIWML rvic, 

Th« mylar grid was numb* rati* Sn'WPn and y axas and values 

gpfd X wa? suTaMmSoJId fPOm !u UbU ot r * n <*om numbers. The 
the i «!! *uP«rlmposed upon the thematic plotter maos, and 
the land eovers were reoorded for each of VhV ttleoJId 

fl* 1 *aei PP e P jS5 P^Portlons of land cover ij I cell 

(•.»., 80%, 20%, 20%, «nd 1 0% for four different Und “1! 


in one ctU) might be recorded as + +, 




iia t eu t A , iif!! d °°* Vfri , wap , e identified and recorded, the grid 
raios of thi , d .™I ° *, xlat iw J 1979 0DNR ittnd uae/land cover 

l,n<i oover da,a wara ••«*«•<• »ith°m 8 e i.rii? 


The number 
sample was 
for the 1979 
about 86% correct. 


®$ P 1 *? 1 ; eoppectl y classified out of the total 
150/174 for the 1978 classification and 141/163 
classification. Thus both classifications are 


I V . Results 
A. Discussion 

fo , r „ *r ; lvt -i? 

>*•<*« 

. : KKzB'B 0Dra 

00 lor display be acquired. Pay tube 


basis, it 
(CRT) with 


t ?° th* d ,‘t r .' * o rrV, pVn <T * n ^ V/o s « ? y ‘."s* oosfl h?."?’'*. ? rOU,,<, 

V* 1 "*? V"fk rename! ton 

when the traininir site t« inn.* t J 1 * ®c entire scene 

tJStSinff *1 i ™s! ° n i nmoa t be ea P s a es d W hme" * ” ) *•““&'"« 
acquisition of futur" scenes or h il.?fhff. P i a " B,n * ,or ,h * 
photographic coverage when existing scenes 'aM^nvoUed! 1 *'* 
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An iltirnitiv# to nrial coverage was cons l da rad in cl«tBSi~ 
Tying the later soana in Balmont County. That alternative 

!!?*-.f?* p *! k a * v#r * 1 * ,ta * throughout a project araa (aaoh 
or dirrarlng land uso or oovar) and monitor tham through 

ill?* , w , * 1 *1 *»fo*«i*tlon supplied by U.idowne. j, or obtalnad 
visually during ovar flights. Onoa the tapes are praproeessed 
and ready for training site selection, the monitored areas 
would be loeated and selected as training sites. Tnough 
this process was not actually tried, the same results wart 
obtained by simply using the old training sites from the 
earlier scene. It soon became apparent that the old sites 

valld or interchangable with 

tna second Landsat data set« 

The reasons for this are variation in such *ctot *■ as 
atmospheric conditions, vegetation growth conditions ■ *>->s, 
etc. These variables change with time so that wh* v i v .s a 
good training site in the past is not necet^ur 1 ! . .,d in 

the future. However it is accomplished, f. . eeo /..proper 
select on of training sites is *r for accurate 

V J ,aation * and availability ■ • apporting ground truth 
should be considered when select «ng a Landsat scene # or 
analysis. 

The statistical accuracy of the results is comparable to 

1? lar P, r °J e « ts using different data sets. When 
examinee thoroughly, the results are even more useful than 

fififu , res mijfht suggest. For example, the 
greatest discrepancies were in rangeland and agricultural 
land (which includes pasture). If these categories were 
considered together as open fields, then the accuracy would 

R!«iL5H// Cant }X hi * h , er ; In fact » for the 0hio Division of 
tliJ !. ide / 1 * t ° pen fields v »- stripped land or 

forest land is quite sufficient, particularly with regard to 

changes in mined areas over time. It is not important that 

"jj? W w “ strl PP? d apea in 1976 is now (1979) rangeland or 
agriculture, or that what was a pasture in 1976 is a strip- 
ped area in 1979. The important fact is that a stripped 
area has been adequately reclaimed or that a formerly non- 
stripped area is now being affected by mining. It is this 
general trend that is important, and in this* project such 
trends were correctly identified. It may of course be 
important in other, future projects to separate range from 
agricultural land. Recognizing this, more emphasis would be 
placed on making that type of distinction. 

Statistical Data 

There are a few discrepancies in the 1976 and 1979 elassift- 

*•<»»• 1>. Th... di scr .pane i a" due 

‘ ht .f Flrst - ,l >« 1?7 « »eana waa tha 

initiel attempt at classifying Landsat data, and some parts 

of the classification may be less than optimal. Second! 
the two scenes were from different seasons (spring and 
summer). There was less vegetation in the spring than "n 



ih e i«l U TT* r ao,in *’ P aptla «Uply for the forest category in 
which there was more reflectance from ground cover InthS 

XiHLV*? '!* le ? Ves off * Thipd > * h - p « werV actual 
miM g JialJei* U3 * fr ° m 1978 t0 1979 ' p#Pt l°ularly in the 


TABLE I 


Acreage S tatis tics 
Landsat Classifications 


Ca tegory 

Mines; active/ 
disturbed 

Mines; barren/ 
graded 

Mines; partially 
reclaimed 

Rangeland 

Agriculture 

Forest 

Water 

Urban 

Unclassified 

Total 


1976 


Acres 

Percent 

18,287 

5.3 

9,456 

1.6 

9,123 

2.7 

70,609 

20.5 

94,669 

27.5 

131,718 

38.3 

1,934 

0.6 

7,499 

2.2 

jjjlO 

1.3 

343,929 

100 


1979 


Acres 

Percent 

3,206 

0.9 

4,782 

1.4 

16,017 

4.7 

95,304 

27.9 

53,067 

16.9 

150,803 

43.8 

3,949 

1.1 

7,362 

2.1 

1x159 

1.2 

343,949 

100 


notwlth *tanding, the statistics when groupe 

v? e w oY s^t^fo o i n a-™ aaViVi f f ed apeas gIve an «* c ®H«nt over 
JiJ .... VrV^?i2 g J tct i v J ltI 1 es over the observation period 

44^8% U ( 1979 ) U The C fo?is e t d W ? P * Ped “ Cad fpom 48 9? (1978) t. 
WMo’m iii A* Ua.t‘p«°r r t y 

"orouDlni ld * n * lf l ««< * on In th« 1979 lumm. 

better J/? cat «S opI «s in this manner gives < 

period. nd Gat ° f land QOVap chan * es ovep the observat ioi 
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Aggregated Landsat Acreage Statj. at j.es 


.r 



1976 


1979 



Acres 

Percent 

Acres 

Percent 

0 ■ _ 

Stripping 

32,866 

9.6 

24.005 

7.0 

’ r . 

Open Land 

163,278 

48.0 

153,871 

44.8 


Forest 

131,718 

38.3 

150,603 

43.8 

<? • 

Water 

Urban 

1,954 

7,499 

0.6 

2.2 

3,949 

7,362 

1.1 

2.1 

-i . 

Unclassified 

4.610 

1.3 

4,159 

1.2 

; * 

Total 

343,925 

100.0 

343,949 

100.0 


C. Products 


The project produced eight color-coded classification maps 
for Belmont County: land cover maps of the entire County 
for 1976 and 1979 (Figures 4 and 5)? larger scale land cover 
maps of the Piedmont Lake area for 1976 and 1979; a land 
cover change detection map of the entire County and the 
Piedmont Lake portion, showing changes in land use from 1976 
to 1979; and a change detection map of the entire County and 
the heavily stripped area, showing only changes in stripping 
and reclamation from 1976 to 1979 (Figure 6). Also produced 
were two sets of 1:24, 000-scale thematic mylar plotter maps 
showing land use in 1976 and 1979 for the Piedmont Lake 
area. 

V . Conclusions 

A. Successes and Limitations 

The project fulfilled all the objectives required by the 
Division of Reclamation in 11(B); i.e., it produced level I 
landcover maps of Belmont County for both dates (as well as 
identifying level IV surface mine areas), showed areas of 
change with an image-differencing map, and generated statis- 
tical data (acreage counts) of all classification categories 
for both dates. The final classification accuracies were 
relatively high, especially considering the level of discri- 
mination within the barren land category. Most important is 
the /act that the user agency involved, ODNR's Remote 
Sensing Unit, is very satisfied with the results of the 
project and recommends (see part B) that Ohio continue to 
use Landsat data on an operational basis. At the scale 
considered here (county or regional), Landsat is the best 
available tool for mapping and monitoring change in surface 
mined areas. 


12 



Soma shortcomings in the results should be mentioned. 
First, the cl ass i f i cet i ons show large increases in the 
extent of the forest and range categories and a large 
decrease in the agricultural category from 1976 to 1979. 
These data probably do not indicate real trends within the 
study area, but more likely reflect classification 
statistics that placed greater emphasis on delineating strip 
mined and reclaimed land than on the other categories. 
Second, the spatial resolution of the MSS is such that this 
sensor is more useful for mapping the general pattern and 
extent of surface mines over large areas than for 
delineating individual mined sites. Detecting and 
accurately mapping small impoundments was a particular 
problem. Nevertheless, the classifications provide very 
good estimates of surface mined areas. The problems 
mentioned here could and will be alleviated by: a) more 

careful selection and precise location of training sites for 
agricultural, range, and forest categories; and b) use of 
higher resolution (30 meter) data from the Landsat Thematic 
Mapper, which can be expected to increase classification 
accuracy for small surface mined areas (see Irons, 1981). 

B. User Evaluation 

The Landsat color-coded classification maps clearly 
illustrate a number of complex site characteristics relating 
to stribmine reclamation which would otherwise be difficult 
to compare between sites. The land cover changes indicated 
by the analysis clearly show the problem spots and reclama- 
tion trends in the area. 

Landsat analysis will be of immediate use to the Ohio 
Division of Reclamation in several ways: 

1. Estimating coal reserves and future mining trends 
through comparison of mined and unaffected areas. 

2. Evaluating the effectiveness of past and current 
reclamation techniques. 

3. Statistically summing acreage affected by mining 
in specific drainage basins. 

4. Monitoring the location and extent of current 
mining permits at a scale commensurate with 
Landsat data. 

5. Conducting surveys and inventories of abandoned 
mined land for areas greater than 100 acres. 

8. Providing land cover information for areas around 
mining sites for environmental planning and 
restoration. 

Experience has shown that, on the regional scale, all of 
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C. Recommendations for Future Activities 


The app 1 i cat i on of Landsat data is recommended for 
monitoring strip mining and reclamation over the entire coal 
‘""S'?* 1 ?" of 0 f *io. With the experience gained through 
this Project, an operational systom could readily be used 
° P'° v d V hC data "«!«»*•< by the Division of Reclama?!^ 
Oh^a* n *i t*i ng presant ® nd future effects of strip mining in 

:::sr.vi.ss! «S5 r,v.Vi 

!u?u, b * m * d * irm 

Dlaie n a*n a d rI ^^IiV n that ’ ° nca an °P«rational system is in 
heMfita d i« P ^2 U are und «rway, there will be spinoff 
benefits in land cover data generated as by-products of the 

Su?sio r n U# if t0 R«° the ; dlvisi ? ns ‘"0°™. Po P r example thS 

statistics With JddV^ C0 , uld , be t nafit f p om the forest 
could bJ* suhd h |!?d-i° n 1 a ^ \ training, the forest statistics 
couio be subdivided into more useful data fee 

types*).** ° n * * UCh ** con ‘f®rous/deciduous/mixed forest 

rlco^Vin^seniora aaU ‘ 1U ” "‘th electromagnetic 

moSttor^L ?k are in «reasingly valuable in resource 
w i t h t t°h 1 *!£ * 8 * th # Process becomes a more automated one. 

. advent of an operational Landsat program in 1983 

tlLlnL"? l ? biU X 0t improved s P«ctrai and^spatial^per- 
poatmc Now VJ [ *?!! 1 !*? at refined classification wilf be 
P?JJ‘ bl ;* Now is the 1 1 me to establish an operational 

? Z»d ind U “ V. ,Vu r«7. ° " ’ r “ POnSlbU for Ohio-, 


14 


references 


t. 


2 . 


3. 


4. 


5. 


8 . 


"a E ' E V R# * oh * T., and R. E. 

use with oov ' #p Meation system for 


las?*’ R-» Laohowski, H. M., and Chris Peterson 

s^«%Ti:r.rrSr! tS 

M«».eha>ttU, March 9-11,1981, Proceed Uja^pp/t 29 - 


5f!fe$4 w5?' *w^sfs?4is. ^cSc” 


Schaal, G. M. 1981. Land use land cover class i fi e«t inn 

K JiV.; £'• - 


lpe h r°t n ure' fid.V ot h s «»*‘-l synthetic 
Sul. 0 fn«„'i„ ne * mM : S and *4*°* a s s i sV Land *a t* *1 and Vo ve r 

TM- 81-8238 u„H.'!! apl> ".*• Computer Sciences CorporetloJ 
S. 233 “ n<ler • #B,r «‘ NAS 5-24350, SIWer Spring? 


Surve y Professional Paper 380. mas 
USGS, g R,^^“ al 11 R 3 es D our,!es of County, Ohio 


APPENDIX A 
Accuracy Stati stics 


ORIGINAL PAGE IS 
OF POOR QUALITY 



So ■I---™ r* h hV # #« Sp * aUndapd error of the proportion 
sp ' << h « figure we are looking for). p 

n « Pr opo fi ion f POm Past experience. 

n JJ^ pIe si * e <how man y samples do we look 

Also, Z » Q/Sp (Q is 5%, as in +5%) 

f^rmuu! 6 we * tut * »i "ofots"* iSio*the oViglSal 


0.02SS = 


Solving for n: 


[P(l-P) 
n 


0.0255 2 * P(l-P)/n 

n » P(l-P)/0. 00065 

)S: ; SJ5r'; " .v .« ;:s 

n * 0.88 ( 1 - 0 . 88 ) a 162 (1979) 

0.00065 

n * 0.87 (1-0.87) a 174 ( 197 $) 

0.00065 

The results were: 

• 77 of the 90 correct 
1976 - 58 of the 68 correct 

The totals then were: 

1976 tin S5JIII! correct from l«3 samples a 85.9% 
1976 150 (92+58 ) correct from 174 samples a 
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Thus it can be said that 
data are 80.9% to 90.9% 
it is 95% certain that 
accurate (86.2% ♦ 5%) 


we are 95% confident that the 1979 
accurate (85.9% * 5%). Similarly, 
the 1976 data are 81.2% to 91.2% 


I 

I 



APPENDIX B. 
Signa ture s 

1976 Landsat Data Set 
Channel 


ORIGINAL t<* 
OF HOO« QIJAU1Y 



Name 

1 

2 

3 

4 

1 . 

WATER 1 

18. 5 

15.1 

11.6 

5.7 

2. 

WATER2 

2S.9 

22.9 

15.5 

6.7 

3. 

FOREST 1 

22.8 

24.3 

41.5 

41.1 

4. 

FOREST2 

20.1 

18.9 

38.5 

:i7.i 

5. 

RANGE 1 

2S.S 

27.3 

50.9 

51.0 

6. 

STRIP2 

30.9 

35.7 

52.6 

48.5 

7. 

STRIP3 

32.3 

39.3 

57.9 

54. P 

8. 

STRIPS 

32.3 

42.0 

47.0 

3 5 . (j 

9. 

STRIPS 

34.0 

40.1 

40.4 

30.1 

10. 

STRIP8 

30.5 

34.8 

37.1 

27.3 

11. 

AGRIC1 

26.4 

26.4 

56.9 

56.2 

12. 

AGRIC3 

25.5 

23.7 

60.2 

63.6 

13. 

AGRIC4 

25.8 

30.5 

35.8 

28.5 

14. 

AGRIC7 

22.7 

20.2 

66.3 

72.8 

IS. 

AGRIC8 

25.7 

24.3 

66.3 

70.1 

16. 

AGRIC9 

25.7 

24.5 

64.1 

67.9 

17. 

WATER3 

29.5 

30.6 

19.7 

8.0 

18. 

RANGE 3 

26.4 

29.3 

47.9 

46.1 

19. 

STRIP7 

36.0 

51.0 

62 . 0 

47.0 

20. 

FOREST 3 

22.7 

22.1 

44.7 

44.9 

21. 

STRIP4 

32.7 

37.2 

38.9 

27.6 

22. 

STRIP1 

27.7 

32.6 

46.4 

43.6 
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1979 Landsat Data Set 
Channel 


°Riat K/\), 
Puou 


QUALITY 



Name 

l 

2 

3 

4 

1. 

FOREST 1 

14.2 

11.9 

S0.1 

59.4 

2. 

FOREST 2 

14.2 

11.9 

40.4 

46.1 

3. 

AGRIC1 

19.4 

18.1 

58.8 

62.9 

4. 

AGRIC2 

19.9 

20.7 

54.4 

56.8 

5. 

STRIP1 

31.1 

37.8 

38.9 

29.5 

6 . 

STRIP2 

21.4 

26.4 

39.9 

35.3 

7. 

STRIP3 

30.9 

38.9 

42.3 

33.7 

8. 

STRIP4 

19.7 

20.8 

37.8 

36.1 

9. 

AORIC4 

20.8 

23.4 

50.3 

52.8 

10. 

WATER 1 

13.8 

10.4 

7.3 

2.3 

11. 

RANGE 1 

1S.S 

14.6 

47.9 

52.2 

12. 

WATER 2 

20 0 

18.0 

10.8 

4.1 

13. 

STRIP7 

25 . 8 

31.2 

48.9 

43.3 

14. 

STRIPS 

24.3 

29.7 

33.3 

26.1 

IS. 

AGRIC3 

18.4 

IS. 9 

64.5 

70.7 

16. 

FOREST 3 

14.8 

13. 5 

45.9 

53.0 

17. 

FOREST 4 

13.7 

11.4 

35.1 

38.6 

18. 

RANGE 2 

17.1 

14.6 

53.3 

58.3 

19. 

RANGE 3 

16.6 

14.6 

51.4 

56.5 


(Strip mine signatures #7 and #14 are for active areas; #5 and 
#13 are for barren/graded areas; #6 and TiTalre for partially 
reclaimed areas!. z 


